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Abstract 


Objectives: Oral manifestations in acute leukemia patients is a serious medical condition. The aim of the current research was 
to compare the periodontal condition in a group of acute, myeloid and lymphoblastic, leukemia (AM/ALL) patients with a 
control group of healthy individuals. 

Methods: 98 patients with AM/ALL and 196 controls were selected. The clinical measurements used to diagnose periodontal 
condition concerned probing depths (PPDs), clinical attachment loss (CAL), gingival index (GI), bleeding on probing (BOP), 
and oral hygiene habits. The models of chi-square test and logistic regression were used to assess the possible differences 
between AM/ALL patients and controls. 

Results: The mean ages were 65.7 + 3.4 years and 66.2 + 2.8 years for cases and controls, respectively. AM/ALL patients had 
worst periodontal parameters such as PPD (p = 0.052, OR =1.725, 95% CI = 0.995-2.00), tooth-brushing frequency (p = 0.046, 
OR = 0.581, 95% CI = 0.341-0.00), GI (p = 0.091, OR = 1.632, 95% CI = 0.924-2.88), and BOP (p = 0.011, OR = 2.05, 95% 
CI = 1.18-3.563), after adjustment for smoking, socio-economic and educational status, compared with healthy individuals. 
Conclusion: Individuals with AM/ALL presented deeper periodontal pockets than healthy controls, worse gingival 
inflammation, and bleeding on probing than healthy controls and poor oral hygiene practices such as daily tooth brushing. 
Keywords: Acute myeloid leukemia, acute lymphoblastic leukemia, adults, periodontal indices 


Abbreviations: AM/ALL: Acute, Myeloid and Lymphoblastic, Leukemia, PPD: Periodontal Condition Concerned Probing 


Depths, CAL: Clinical Attachment Loss, GI: Gingival Index, BOP: Bleeding on Probing, PD: Periodontal Disease, 


es 
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RA: Rheumatoid Arthritis, AL: Acute Lymphoblastic, AML: Acute Myeloid Leukemia, CL: Chronic Lymphocytic, CML: 
Chronic Myeloid Leukemia, HL: Hodgkin Lymphomas, NHL: Non-Hodgkin Lymphomas, CI: Confidence Interval, WHO: 


World Health Organization, PI: Plaque Index 


Introduction 


Oral cavity health significantly reflects the whole organism 
health. Clinical signs and symptoms in oral cavity in many 
cases consist signs of hidden and serious systemic diseases 
and disorders [1]. Such diseases include immunologic 
diseases, hematologic conditions, systemic infections, 
endocrinopathies, and nutritional disorders. To be more 
specific diseases and disorders that have been identified 
include anemia, lichen planus, lupus erythematosus, 
pemphigus vulgaris, benign mucus membrane pemphigoid, 
Crohn disease, Bechet syndrome, diabetes mellitus, HIV- 
associated periodontal disease (PD), thrombocytopenia, 
leukemia, gastroesophageal reflux disease, bulimia and 
anorexia [2]. 

Moreover, an association between PD and other chronic 
diseases, such as type 2 diabetes mellitus [3], cardiovascular 
disease [4], respiratory diseases and COPD mainly [5], 
rheumatoid arthritis (RA) [6], inflammatory bowel disease 
[7], several types of cancer [8], etc. has been revealed in 
previous studies because similar mechanisms of tissue 
destruction have been described in these conditions. 
Hematopoietic malignancies comprise 8-10% of all human 
malignancies, and include leukemias (Acute Lymphoblastic- 
AL, Acute Myeloid Leukemia-AML, Chronic Lymphocytic- 
CL, Chronic Myeloid Leukemia-CML), myelomas and 
lymphomas. Lymphomas are sub-classified as either Hodgkin 
lymphomas (HLs) or non-Hodgkin lymphomas (NHLs) [9]. 
AML is the most common hematopoietic malignancy among 
adults, affects about 4.2 per100,000 individuals, or more than 
20,000 cases annually in the U.S [10]. The average age at the 
time of AML clinical diagnosis is about 65 years, and is more 
prevalent among males compared with females, with a ratio 
5:3 [10]. 

It is characterized by clonal expansion of immature blast cells 
in the bone marrow and peripheral blood, that results in 


insufficient erythropoiesis and bone marrow damage [11,12]. 


AML’s etiology remains unknown, however several risk 
factors have been identified such as hematological diseases, 
myelodysplastic syndrome, myelofibrosis, polycythemia vera 
or thrombocythemia, and aplastic anemia. Other risk factors 
are congenital diseases such as Down and Bloom syndrome, 
whereas environmental exposures like radiation, chemical 
exposure (benzene), tobacco smoking, and previous exposure 
to cancer treatment (chemotherapy/ radiotherapy) agents have 
also been proposed [13-15]. 

The 5-year survival rate for younger patients is 50%, whereas 
the 5-year survival rate and the 3-year survival rate is 3-8% 
and 9-10% in 60 year old individuals and older, respectively 
[16,17]. ALL affects about 4,000 individuals in the U.S 
annually, the majority concerns individuals under the age of 
18 as the main age of ALL diagnosis is between two and ten 
years of age, and its incidence overall in population is about 
3.3 cases per 100,000 children. ALL represents 2 % of the 
lymphoid neoplasms and is more common in males than 
females [18,19]. ALL is a B- or T-lymphoblasts malignancy, 
histologically characterized by abnormal and unlimited 
proliferation of immature lymphocytes and their progenitors 
which ultimately leads to the substitution of bone marrow 
cells and other lymphoid organs resulting in the classic 
appearance of ALL [18]. 

Similar to AML, ALL’s etiology is unknown [20], however 
is more common in children with Bloom, Down and Li- 
Fraumeni syndromes, ataxia telangiectasia and 
Neurofibromatosis type I [21]. Environmental risk factors 
have also been implicated in its Etiology such as exposure to 
ionizing radiation, chemical agents(benzene), and previous 
exposure to cancer treatment (chemotherapy/radiotherapy) 
[21]. ALL has been earlier considered as a non-hereditary 
disease [21], however with large sequencing efforts growing 
numbers of predisposing genetic alterations have been 
recorded [22]. The possible causative role of pesticides or 
electromagnetic fields in ALL etiology remains unclear [23]. 


It has also been hypothesized that an abnormal immune 
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response to a common infection may be implicated in ALL 
etiology [23]. 

The 5-year overall survival rate is greater than 85 % [24]. 
Oral lesions can be an important diagnostic indicator of acute 
leukemia [25], as frequently undiagnosed cases of leukemia 
refer to the dentist with signs and symptoms related to oral 
lesions [26], whose recognition can result in AM/ALL 
diagnosis [1]. In most AML patients oral manifestations are 
often the first presentation [26] and concern the subtypes of 
myeloid and monocytic/monoblastic leukemia [25]. 
Moreover, oral alterations can also occur in chronic leukemia 
[26], however, they differ from those revealed in acute 
leukemia [26] and are not considered specific. The most 
common oral manifestations of leukemia include petechiae or 
spontaneous bleeding in 56% of patients [25,26], mucosal 
ulceration in 53% [25,26], and diffuse or localized gingival 
enlargement in 36% [26,27], with or without necrosis [25]. 
The mentioned clinical signs are the most frequent leukemia 
initial diagnostic manifestations. Other oral manifestations 
include mucosal paleness, increased prevalence of dental 
caries [27], herpetic opportunistic infections and candidiasis 
[25], temporomandibular joint arthritis, osteolytic lesions in 
the mandible. Less commonly oral signs are palatal 
pigmentation, tooth pain and mobility, hemorrhagic bullae on 
the tongue, cracked lips, parotid swelling, and chin numbness 
[26]. 

Previous researchers have examined the periodontal 
conditions in patients with several chronic diseases and 
disorders. Some case reports have described severe 
periodontitis in patients with Crohn’s disease [28,29]. 
Flemming et al. [30] found a higher prevalence, but less 
severe periodontitis in individuals with inflammatory bowel 
disease. Miranda et al. [31] recorded that adolescents with 
juvenile idiopathic arthritis [JIA] present more periodontal 
attachment loss than healthy controls, in spite of similar 
plaque and marginal bleeding levels. Two similar studies 
showed that RA patients had more missing teeth and a higher 
percentage and significantly deeper pockets (6 mm or more) 
than the controls, but no differences in plaque and bleeding 
indices [32]. On the contrary, Walton et al. [33] reviewed the 
oral findings of JIA patients and concluded that they had a 


higher prevalence of dental caries and a higher bleeding index 


than controls. However, periodontitis outcomes, such as 


probing depth (PD) and clinical attachment loss (CAL), were 
not assessed. More recent articles have examined periodontal 
condition in several types of human malignancies [34-38], 
whereas studies that have examined the prevalence of 
periodontal status and indices in AM/ALL patients are not 
available [26]. Therefore, prospective and retrospective 
studies are required to further elucidate the association 
examined. The current research is the first in Greece that 
explored the possible differences, as no previous researches 
have been carried out. 

The aim of the present retrospective case-control study was 
to assess the possible differences in periodontal condition 
between individuals who suffered from AML and ALL and 


healthy ones. 


Materials and Methods 
Study design 


The current retrospective case — control research was carried 
out between May 2021 and December 2021. The study 
sample was evaluated according to EPITOOLS guidelines 
(https://epitools. ausvet.com.au) Determined with 95% 
Confidence Interval (CI) and desired power 0.8, whereas the 
age group was based on the World Health Organization 
(WHO) recommendations [39] for assessing periodontal 
condition incidence. 

The patient group comprised 98 individuals who were 
attending two private medical and a dental practice. The 
diagnosis of AM / ALL made by the same physicians and 
derived from their medical files with a definitive diagnosis 
based on bone marrow examination aspiration and biopsy 
[40] and before the application of any treatment such as 
chemotherapy, radiation therapy, chemotherapy with stem 
cell transplant, and targeted therapy. 

196 individuals were selected as controls, and_ their 
physicians ensured that they had no disease and were not 
taking any medication. Control group was selected by the 
friendly and collegial environment of cases, in an effort to 
control possible confounder effects such as smoking, SES, 
and educational status. Moreover, both groups were matched 
for gender and age, and were also selected from the same city 


population in an effort to select a representative study sample 
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and to avoid or reduce possible selection biases. Therefore, 
control group was selected from individuals who were 
presented to routine health follow-up at the mentioned 
practices, between 2020 and 2021. 

Cases and controls should not have had an history of any 
periodontal treatment, conservative or surgery in the last 6 
months, or received systemic antibiotic regimens or a 
systematic treatment with glucocorticoids or 
immunosuppression agents within the previous 6 months. 
They should also have more than 15 teeth and periodontitis 
from stage I to IV [41]. Moreover, both groups should not be 
suffered from diseases such as cardiovascular disease, 
diabetes mellitus, rheumatoid arthritis, or any type of other 
malignancies. The mentioned diseases and disorders could 
have potential effects on oral tissues as confounders and 
could result in biased secondary associations. 

The current study was not approved by authorized 
committees (Ministry of Health, etc.), as in Greece only 
experimental studies must be approved by the mentioned 
Authorities. All participants were informed about the aims 
and methods of the present study, and both gave their written 
consent to participate. 

Research questionnaire and_ periodontal status 
examination 

AML/ALL patients and healthy individuals filled in a 
modified Minnesota Dental School Medical Questionnaire 
[42], that included epidemiological variables such as age, 
gender, smoking status, SES, Educational status, and their 
past Medical / Dental history. 

The same dentist re-examined clinically a randomly selected 
sample of 60 (20%) for assessing the intra-examiner variance 
after a time period of three weeks, and no differences were 
recorded between the 1* and the 2" clinical assessment 
(Cohen's Kappa = 0.95). During this time period no oral 
hygiene instructions were given to the participants. 
Periodontal condition was measured using PPD, CAL, 
bleeding on probing (BOP), and the gingival condition 
(Gingival Index, GI) at six sites in all teeth (disto-buccal, 
mesiobuccal, mid-buccal, mesio-lingual,disto-lingualand 
mid-lingual), apart from remaining roots and third molars, in 
all quadrants and the worst values of the indices recorded to 


the nearest1.0 mm and classified as dichotomous variables for 


each individual, using a type Williams probe with a controlled 


force of 0.2 N (DB764R, Aesculap AG & Co. KG, Tuttlingen, 


Germany), by the same dentist. PPD was dichotomously 
assessed as score 0: stage I [maximum PPD < 4.0 mm] and 
score 1: stage H-IV [PPD < 4.0 - => 6.0 mm]. CAL severity 
was assessed as score 0: stage I [CAL: 1.0-2.0 mm], and score 
1: stage I-IV [CAL: 3.00 - > 5.0 mm] [41]. BOP absence was 
assessed as score 0 and presence as score 1, respectively [43], 
and the severity of gingivitis (GI) classified as score 0: normal 
situation of gingival tissue/mild inflammation, insignificant 
change in colour and oedema, absence of bleeding on 
probing, which corresponds to Lée [44] classification as score 
0 and 1, and -score 1: moderate inflammatory reaction with 
presence of redness, oedema, glazing and bleeding on 
probing/severe inflammatory reaction with presence of 
significant redness, oedema, ulceration and tendency to 
spontaneous bleeding, which corresponds to Lée 
classification as score 2 and 3. 

Data Statistical analysis 

Females, non-smokers, low socioeconomic [income/monthly 
Equivalent to or less than 1,000 €] and educational level 
[graduated from Elementary/High School], irregular daily 
tooth-brushing Daily [<1/daily], and controls were coded as 
0. Age groups distribution was coded as 0, 1, 2, and 3 for ages 
47-50, 51-60, 61-70 and 71+, respectively. The univariate 
analysis (chi-square) model was carried out to assess the 
associations between the independent variables examined and 
cases/ controls, separately. Multivariate logistic regression 
analysis model was carried out to estimate the associations 
between the dependent variable, AML/ALL, and independent 
ones using the Enter and Stepwise methods. Unadjusted and 
Adjusted Odds Ratios [OR's] and 95% [Confidence Interval] 
CI were also estimated. The statistical model Cohran’s and 
Mantel-Haenszel’s was applied to control possible 
confounders, such as smoking, SES and educational status. 
Statistical analysis was performed by SPSS. statistical 
package [SPSS PC20.0, SPSS, Inc., Chica-go, IL, USA], and 
a p value less than 5% [p< 0.05] was considered to be 


Statistically significant. 


Results 
The mean ages were 65.7 + 3.4 years and 66.2 + 2.8 years 
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for cases and controls, respectively. Univariate model was 
used to compare indices between cases and controls for 
categorical variables. The outcomes showed _ that 
moderate/severe gingivitis (GI) (p = 0.006) and BOP (p = 
0.001) in cases were statistically significant greater compared 
to healthy individuals (Table 1). The same table presents 
unadjusted OR’s and 95% CI. After performing logistic 
regression model (Enter Method - Step 1*) inadequate tooth 
brushing (p = 0.046), deep periodontal pockets (p = 0.025), 


moderate/severe gingivitis (p = 0.049), and BOP (p = 0.013) 


were statistically significant different between cases and 


controls (Table 2). The final step (Wald Method) confirmed 


the out-comes of the previous method, as the same indices 
were different between cases and healthy individuals in 
statistically significant level. Adjusted OR’s and 95% CI are 
also shown in the same Table. 

(Tables 3) Presents the outcomes after performing the 
statistical model Cohran’s and Mantel-Haenszel’s for 
controlling possible confounders, such as smoking, SES and 


educational status. 


Table 1: Univariate analysis of cases and controls regarding each independent variable examined 


Variables Cases Controls p-value | Odds Ratio and 95% Confidence Interval 
Gender 

Males 54 (55.1) 103 (52.6) 0.679 1.108 (0.681-1.803) 
Females 44 (44.9) 93 (47.4) 

Age 

47-50 18 (18.4) 39 (19.9) 

51-60 29 (29.6) 56 (28.6) 0.937 

61-70 40 (40.8) 83 (42.3) 

71+ 30 (18.0) 66 (19.9) 

Socio-economic Status 

Low 52 (53.1) 106 (54.1) 0.869 0.960 (0.590-1.561) 
High 46 (46.9) 90 (45.9) 

Educational Level 

Low 32 (32.7) 71 (36.2) 0.545 0.854 (0.511-1.426) 
High 66 (67.3) 125 (63.8) 

Smoking 

Never 38 (38.8) 85 (43.4) 0.452 0.827 (0.504-1.357) 
Former/Current 60 (61.2) 111 (56.6) 

Toot brushing Frequency 

< daily 58 (59.2) 103 (52.6) 0.281 1.309 (0.801-2.139) 
> 2/daily 40 (40.8) 93 (47.4) 

Probing pocket depth 

< 4.0 mm 31 (31.6) 74 (37.8) 0.302 0.763 (0.456-1.276) 
< 4.0 ->6.0 mm 67 (68.4) 122 (62.2) 

Clinical Attachment Loss 

1.00-2.00 mm 35 (35.7) 77 (39.3) 0.552 0.859 (0.519-1.420) 
3.0- > 5.0 mm 63 (64.3) 119 (60.7) 

Gingival Index 

Absence/Mild 25 (25.5) 82 (41.8) 0.006* | 0.476 (0.279-0.813) 
Moderate/Severe 73 (74.5) 114 (58.2) 

Bleeding on probing 

Absence 28 (28.6) 95 (48.5) 0.001* | 0.425 (0.253-0.715) 
Presence 70 (71.4) 101 (51.5) 


* p-value statistically significant 
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Table 2: Presentation of association between parameters examined and AM/ALL according to Enter (first step-1*) and Wald (final 


step-7") methods of Multivariate Logistic Regression Analysis Model 


Variables in the Equation 
Variables B S.E. Wald df | Sig. Exp(B) | 95% C.IL.for EXP(B) 
Lower | Upper 

Step 1° gender 250 267 872 1 | ,350 1,284 ,760 2,168 
age 091 143 406 1 | ,524 1,095 828 1,448 
socioecon. stat 016 5270 ,004 1 5952 1,016 ,098 1,727 
educ. level 098 278 ,125 1 |,724 1,103 ,640 1,903 
smok. status ,196 276 304 1 |,478 1,217 5708 2,092 
toothbr. freq -,568 285 3,970 1 |,046* | ,567 324 991 
prob. pock. dep | ,680 304 4,994 1 |,025* | 1,974 1,087 3,584 
clin. att. loss 316 313 2,020 1 |,313 1,129 894 1,747 
ging. index ,620 314 3,884 1 |,049* | 1,858 1,003 3,441 
bleed. on. prob 707 285 6,145 1 |,013* | 2,028 1,159 3,546 
Constant 1,972 498 15,658 |1 |,000 ,139 

Step 74 toothbr. freq -,543 5272 3,991 1 ,046* |,581 341 ,990 
prob. pock. dep | 545 281 3,776 1 ,O52* | 1,725 5995 2,990 
ging. index 490 290 2,851 1 |,091* | 1,632 924 2,880 
bleed. on. prob 5718 5282 6,480 1 ,O11* |2,050 1,180 3,563 
Constant 1,564 ,309 25,575 |1  |,000 ,209 

a. Variable(s) entered on step 1: gender, age, socioecon. stat, educ. level, smok. status, toothbr. freq, prob. pock. dep, clin. 

att. loss, ging. index, bleed. on. prob. 


* p-value statistically significant 


Discussion 

The aim of the current research was to investigate whether the 
periodontal status in AML/ALL patients was worse or not, 
compared with periodontal status in healthy individuals. The 
most frequent indices used for estimating periodontal status 
are clinical indices such as number of tooth loss/remaining 
teeth, PPD, CAL, Gingival Index (GI), Plaque Index (PI), 
BOP, Bleeding Point Index, Alveolar Bone Loss (ABL), etc. 
[45]. 

The outcomes of the current study showed that PPD in cases 
group was statistically significant greater than in control 
group, finding that remained after adjusting for possible 
confounders as smoking, SES and educational status. PPD 
reflects the destructive process of a chronic inflammatory 
response and is an indicator for estimating the severity of PD 


[46]. 


Leukemic patients according to radiographic examinations, 
have shown loss of lamina dura, changes in periodontal space, 
resorption of the alveolar bone, and destruction of the bone 
structure [47]. All these symptoms are related to leukemic cell 
infiltrations [47,48]. Similarly, gingival inflammation as 
presented by GI showed worse levels in AML/ALL patients 
compared to healthy individuals. This finding is in 
accordance with the pathological physiology of the disease, 
as gingival hyperplasia especially in interdental papilla or 
gingival margins is common clinical sign in acute cases [1]. 

Gingival enlargement and ulcerations are a result of 
inflammation, neutropenia or direct infiltration of immature 
(blasts) proliferating leukocytes or be secondary to 
thrombocytopenia and immunodeficiency and it could be 
localized or generalized [49-52]. This infiltration leads to an 
increase in gingival thickness and formation of pseudo- 


pockets, resulting in secondary inflammatory infiltration 
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[50]. The continuous trafficking of myeloid cells in local irritation and trauma of the teeth are associated in the 
specialized post-capillary venules accounts for egress of these pathogenesis [54]. The gingival findings are reported to be 
cells from the circulation into the tissues at the sites of partially dependent on the inflammation of the tissues [55]. 
gingivitis or periodontitis [53]. Leukemic gingival infiltration On the other hand, chronic leukemic cases have lesser 
is not observed in edentulous individuals, suggesting that infiltration, and the gingiva would be paler [49]. 


Table 3: Application of Cohran’s and Mantel-Haenszel’s statistical method for controlling Confounders 


Variables EXP (B) 95% CI 
Probing pocket depth 
Non — smokers 1,854 0,751 - 2,123 
Smokers 3,628 1,276 - 4,112 
Socioeconomic status: Low 2,245 1,477 - 2,815 
High 1,652 0,836 - 2,056 
EDUCATIONAL level: Low 2,845 1,588 - 3,022 
High 1,704 0,997 - 2,115 
Gingival index 
1,717 0,895 - 2,105 
Non - smokers 
3,491 1,220 - 4,066 
Smokers 
: : 2,178 1,139 - 2,753 
Socioeconomic status: Low 
. 1,150 0,644 - 1,994 
High 
2,597 1,542 - 2,87 
EDUCATIONAL level: Low pe ele 
: 1,658 0,942 - 1,931 
High 
Bleeding on probing 
2,567 1,428 - 3,022 
Non — smokers 
3,862 1,648 - 4,620 
Smokers 
F ; 2,365 1,389 - 2,863 
Socioeconomic status: Low 
: 1,484 0,773 - 1,885 
High 
2, 1,646 - 3,1 
EDUCATIONAL level: Low ee Resa 
. 1,502 0,843 - 1,798 
High 
Tooth brushing frequency 
0,432 0,145 - 0,887 
Non - smokers 
0,688 0,379 - 1,047 
Smokers 
5 : 0,382 0,138 - 0,774 
Socioeconomic status: Low 
: 0,635 0,361 - 1,022 
High 
402 ,138 - 0, 
EDUCATIONAL level: Low a Rie tae 
: 0,675 0,372 - 1,102 
High 
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Gingival enlargement is more frequent in AML patients than 
in other types of leukemia, and it occurs more frequently in 
the M4 and M5 subtypes [56,57]. 

Gingival bleeding, as expressed by BOP is another 
periodontal status index that was found to be worsen in 
AML/ALL patients than healthy individuals. This 
observation can be attributed to the fact that gingival bleeding 
is caused by severe thrombocytopenia when platelet number 
is lower than 20,000 cells/mm*, that is a clinical sign of acute 
leukemia [58]. 

BOP index reflects the host’s vascular response in terms of 
hyperemia, the capillaries’ dilation and increased blood flow 
in the inflammation region. BOP is a widely used criterion to 
diagnose gingival inflammation, however it has been 
suggested that periodontal pockets with a probing depth of 
greater than or equal to 5.00 mm showed a significantly 
higher incidence of BOP [59]. The outcomes of the current 
study also showed that oral hygiene habits were significantly 
different between cases and controls and that AML/ALL- 
individuals had worse oral hygiene. 

AML is the most common hematopoietic malignancy among 
adults, the average age at the time of AML clinical diagnosis 
is about 65 years and is more prevalent among males 
compared with females. Moreover, male gender, and 
advanced age increase the risk for ALL development [60]. 
Despite the fact that older individuals are at higher risk for 
AML development, age is considered as a confounder. 
Similarly, older individuals are at higher risk for initiation and 
progression of PD indices [61]. The difference regarding the 
parameter of age and gender between cases and controls was 
not statistically significant in the current report. 

Smoking is a known carcinogenesis risk factor and can affect 
leukemia risk [61,62]. In addition, smoking is a major risk 
factor for PD development and progression [61,63]. No 
difference was recorded regarding smoking habits between 
cases and controls, whereas smoking is another crucial 
confounder. 

SES/educational status are known crucial confounders. 
Moreover, it has also been proposed that high-educated and 
SES individuals take care of their own oral hygiene more than 
low-educated and SES ones and could prevent diseases that 


are associated with PD [64]. No significant differences were 


recorded between AM/ALL individuals and healthy ones 


regarding the educational level/SES in the present research. 
In the international literature epidemiological studies that 
have examined the possible differences of the mentioned 
indices between AM/ALL patients and healthy individuals 
have not been carried out, since most of those available refer 
only to the description of isolated clinical cases. Only Busjan 
et al. [65], in a cross-sectional study, compared the oral 
mucosa lesions of 39 leukemia patients with those of 38 
healthy patients, observing that 68% of the leukemia patients 
presented oral mucosa lesions, gingival hyperplasia being this 
study the most important finding. Significantly higher GI in 
children with ALL, compared to children from the control 
group, was observed despite the better oral hygiene [66]. 

A recent study highlighted that, whereas there was no 
significant association between gingival bleeding index and 
suffering from AML, there could be a certain trend between 
increased bleeding and AML. A higher caries prevalence in 
leukemia patients was shown in the same study whereas the 
periodontal parameters were poorer in leukemia patients [67]. 
Kapoor et al. revealed a lower prevalence of dental caries, 
good oral hygiene and mild gingivitis in children with ALL 
when compared to healthy children [68]. A systematic review 
with meta-analysis, in which dental caries and periodontal 
diseases were assessed using the following standardized 
parameters, respectively: mean number of decayed, missing 
and filled teeth (DMFT), and presence of marginal 
inflammation (gingivitis) or clinical attachment loss 
(periodontitis) resulted in no significant outcomes as data was 
too few to run a meta-analysis [69]. 

SES, educational status and smoking were the main reason 
why the Cochran and Mantel-Haenszel model was carried out 
in an effort to clarify if possible significant differences 
between AM/ALL patients and healthy individuals regarding 
the PD indices examined could be attributed to those 
epidemiological parameters. The model showed _ that 
smoking, educational and SES were not con-founders of 
periodontal status indices examined. The current 
retrospective case-control study has several limitations that 
must be taken into account. Case-controls studies are 
susceptible to selection, recall, random, referral bias and their 


outcomes must be adjusted for known and unknown con- 
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founders which can lead to biased secondary associations 
regarding the indices examined. In contrary, prospective 
cohort studies design can control confounding biases. 

Strengths of the current study were the adequate and 
representative study sample and that it was a matched case- 
control study, as was used randomly selected population- 
based controls as were selected from healthy individuals 
derived from cases environment, methodology that warrants 
interval validity. It is obvious that more studies, especially 


prospective are needed to confirm those findings. 


Conclusion 
Patients suffering from AM/ALL presented deeper 
periodontal pockets than healthy controls, worse gingival 
inflammation and bleeding on probing than healthy controls 
and poor oral hygiene practices such as daily tooth brushing. 
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